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(54) MRAMffijajflKS 



(57) mm 

mm) Y?>v*9-**v±)v<DWffi*&mLtz 

*ux#4 > M»jS*nrrtt«:IH»)fl:ttll(=*iBUffflE-r 
5MR A MEftlfltift *«ttT * o 
[SI&^S] tf-yHBLi^-mWLl, WL2 
tOKlC, -S-tl-rtlTMR-^*'; -t;H - 4 , 5-8 

4, 5 - 8<Oisjgfll4, -E-tl-PitTx'l' ? h 7 
Hrl, T r 2<0KU^f V -7. 3 ntv 

5, X-f7f>yF7>y^nrl, T r 2«y- h 
•4, ■ttl-Ttl'7- KISIWL 1. WL 2 Kg^SitT^ 
&o 4o(0TMR->*'J-tJH -4, 5-8 14, til 
-Pit loM^7f^/l-7>y^?Trl, Tr2i: 




(2) 

1 

ym(BL) i:««SftTv^ti:(,i:, *ofl&39rt c 
(WL1, WL2) ^*«lS*LT^4^»OT 
MR-X'J-t^ (1-8) tWLfcMRAMEMU 

-tft-Pitncey (BL) «*SftfcTMR-> 
(1-8) Officii. ^4<tt2oOTMR 

— -tJi^ (1-4X115-8) «:*tr#Ui3V*-C 1 
oco;W 7f >^ h 7 (TrlXliTr2) i: w 

(G 1 , G 2) *M5i-*7- K« (WL 1 £L < l± 
WL2) i:fta$atv^^^^#att^MRAME 

[»*«2] TMR-^^'J*^ (1-8) co^feLii, 
X^f7fV/F7>yX^ (T r 1 , T r 2 ) io X tfffl 

9 ^ -c & nfciiatFt^ <& * a ^sst c (i im m 1- & w t 
i:E«^)MR AMEyyaiaio 

[ft#S3] SooTMR-^^eV-fe^ (1-3X«± 
1* -3' ) KloO*^ 7f>^h7>^^ (T r 20 
lXI±Tr2) * f «l)arf)fLO^itS:»«J:t& 
t»#*B 1 i 2 KEIfcOM R AME^'JSiSo 

[»*a4] X>f7t>/h9>^^ (T r 1 ; T r 
2) l±. TMR->^'J-t^ (1-8) OTIBIC^a&IS 
It fefLtv^ £ t 1-&itt#« 1 - 3 OfcTfi* 1 

*UE«OMR AME^Jfllito 

[i&3&£5] TMR-^'t'J't^ (1-8) *«2oo* 
fyJXW ( ">*^A" , M >*;i/B w ) ^Ki:&t 
Ltv^: t»«4:i--6IB*a 1 - 4 *>ffl*L* 1 *U 
E*W>MRAME?!I«&o 30 

[»#«6] *ftfiiB«t42ooh7>'> # X^ (T 
rl, Tr2) <^^7 ^ > Kttffi (Gr) li. 1 oOf 

Mti^iai:ffi«<OMR AMEyiJfllJio 

[*fc9§0IMII«:I»l] 
[0 0 0 1] 

- K«i:«a5 ftfc#a«)TM R - > * V -b ;u (TMR 

= h>*JW««SSt) **«LfcMRAM (Magnetores 40 
istive Random Access Memory ) E^'JIf iI^KIi~£ i> <0 

[0 0 0 2] 

[fi£*<7)&fi5] MR AMSE^JfUitli, ®&(OJ:^:TM 
R»*fcJ:*3a«ttfrE«fc*-*< tOtAO, ill: 
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2 

<. ztiZttm "0" XI* "1" , ftSv^i*oR»u 
[0 0 0 3] MRAMOfc*!:, i tii Ti:±t It , 

[0 0 0 4] v^^)^> ^nx^M>h M -flliSUfcv* 

-7 Max<±7- K«srj&sa+ &s#as&<o 

_tT iz&m L > * U -fc ;Hf i*o * u IS: tt & £ t £ 

& 0 CfUUlK MRAMO/:*!)^> "4F2/n" CO 

co/I<0&-C£>»K "F" ti. «fflLfctt«^nTt6* 
[0 0 0 5] CI CO «t -9 * * 4 ^n**M>h" -flliSK 

ffl>fr(OTMR-> ■fc^ti*#^ftv^tn:*^«L& 
tt^^fc'bfc^^o r^i^OTMR- >*';-tr^OS5v> 

[0 0 0 6] h 7 Vv^^-fe^USIt^tt^glJOT-^r 
x^^^U^v>T(i. ±E*a«**fllLfc#>cr loco 
TMRffi:? h\z 1 o<^x-f 7 >v^^** 

ffl^ii* *t"Cv*& (^KHB8L-Cii> M. Dur 1 am 
h M 8^h >^^f ?^<^MttRAM" 4r 
#fls) o 7t>^h9>^^*#t*iOJ:?4 
TMR-3R?35^4&^ ; e , J-fe;uS:A*LfcMRAMi: 

[0 0 0 7] 

i: ^^^t^^^^UloO^^V-b^lBitrt^^^ 
*)-t)U<otztb\z, l oco h y > ^ ii^lw l o<7)*> 

^fcV^ 0 

[0 0 0 8] tfitt, ^^^OlfSfi. 



(3) 



ttM 2 0 0 2 - 1 5 7 8 7 4 



3 

iffjl8&H0l2:ttHl^*a^ffffii-4MRAMEyiJ«ii* 
[0 0 0 9] 

[»««r»fti-&3t*<0#e] *«W(OMRAME?lJfll 
3t (MR A MEW) li, ±E^««*»ft1-*fcAU* 

v^^OTMR-^^'J ^r;^ML/:MR AMEW 
iittioT, -tft-piimctfy Fii:*«H«:TM 
R-^y-fc^OffiSSli. ^4<tt2oOTMR-^ 
-t^Sr^tfSMcis^T 1 00*4 7f>/h7>y 

[0 0 1 0] ±fS(7>«jS;ti> h7>y^^->^'J^r^ 
«:*«Lfctt*0«it*5>*^liKLT*iJ, TMR 

*U::J:»K ISOTMR-^^ , J-biH:io^^'f7f 
>7h7> v* * SrRtt* £ t «* oT. h v > v* * 

iz&m*mwx^-x*mnx-z z>fz&, /us 

MR AME*J«&*«ttr£& 0 
[0011] 4/c, TMR->^V*^Offitfcl±. *4 

yf L >^h^>y^^^j:u f «i)a're>itfcaiata: (e 

[00 12] F^VyX^^IUcMRAM-^V 

< L**t*itf4S>fcv\, *?§9?OMRAME?iJ« 
Stli, TMR->*y*Ji/0«8tfc±E^«tfci:** 

< Ha«FU»fe*t*« 

[0013] 4*:. 3ooTMR->t'J*)H:iow 

* 4 7 f- > ^ h ^ > v x * m§t <b tt-r v> & c t & 

[00 14] so^TMR-^^'j-feiW: 
1 0(0*4 y h 7 > v** SrE?U1-*^ 



4 

[0 0 15] ttz. 7-fyf>yh?>^^tt, TM 

[0 0 16] CC7)J:oU. TMR-^U-fc^OTWJU 
1 o<OX4 7f>^F7 VyX^ji^EMJiiiwiCJ: 

[00 17] $tz, TMR-^^HiM^oO^^ 
io ^fXffiOM^fiBLTv^i btf± Offi iv^o 

[0 0 18] 4*:. «fWtLBgf^2oOl^7yy^ 

i:*<J: ij»4 Lv^ 0 

[0 0 19] ZtilzX*)^ K««**l ok 4 tab 

££*-^-*^< r-is>rwm<oi<£ 

[0 0 2 0] 4*:. ±E»«(i. IIi:ii<^r^M 
R AMEW«iiK*3V>T#5&9§i::«fc **L-F*iP] £ If 
20 y h«KSJR*^^TMR->*U-fe;voffiS**^4< 

T- 1 o^^f 7f>^'^7> * £ tiTis 0 , 

iX>f 7f>^h7>y^^y- h***t&1-&7- K 

[0 0 2 1 ] ^JMi:J:iMR AMERI*acfci*v*"C 

l o<ox4 7fy^h7 >yx^iijfi*&iiiT^ 
&v* D *>Lo, $8Wi:J:4MRAME5>JiJii:*^T 
30 ti, a^TMR-^^'J-t^l ocotf y h^Ur&o 
T lSi:J i:i6?>aT^i5. :<DSi:ioox>f 7f y 
if h 7>y^^^Ef^ifCv^ 0 
[0 0 2 2] 1g£k<7)TMR-^ i ;-t;K 3o 
OTMR-^^'J-t;H:f:/:l o<7>;W y > ^ h ^ > 
v^^4rE^Ji"^-i:K«tor. h7>yx^^8i 

mm*^-x*mL<i&&i-2>ztrfT-£2>tz£>. 

^Kct^MRAME?iJ«ii-Cttffl L^T-^x^^^-C 

40 [0 0 2 3] *«WKi*MRAMEWfll3|-C^ «it 
y^h7>y^^miJ^^-^i:i:ot, TMR- 

[0 0 2 4] L*L4fc, ^^^75 ? ^> 1 otO^-f ^y^> 
^F7yy7^C3 otli^TMR-^^'J -fe;U?rS»t 
4:ttr^ 0 SfeK4fc. /:/:2o(0TM 
R-^^e'J-t;uS: loco^-f 7f>^F7>y^^i:E 

so >^^7 >i?*9\ztztz l oco -fc;wo»J 



(4) 
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;i-ffli^<7)#Sco> -ty -fejwofcftn, 1 oox^f 7f> 
1fYJ>V*9 W*0>WSt. 1 oo if * h i&om&O p< * 

[0 0 2 5] h^^y^^^ML^MRAM-^^U 

< liTMR-^T-O&ift*. ■rco&cOX'f '>f>^F7 
> v * * * ttffi i: <b ft & - o JSfit k E90 ft h 
4:t5t**L<Stfft < Tliftfcftv> 0 CfUZJ:*)* TM 
R - > * y -t ;v (^ffi t ±E*>£ j£St #> 6 ft & BftlS 
< ft*W ir. |MlB»i:ll6*i*WtKIHLf* 
tfiirtir*:* < ft£o 

[0 0 2 6] oJO, $^i:<t^MR AMK^MiiU 
i3V>-Cli, ttJ:±JtLfcJ: ? nTMR-^'Jf 
(nfflOTMR-* ^BUSHr) FMotf 

(nIB) OSlv^-spff ftTMR-> * 'J aS^Sriio T8£ 
ft*®*****. iOffScnO^lt-tii-FttfiW^L 

*Ljfl[«±, 4>fc< 4:«>«4M9K. fcfi3oMMR-« 
')^^<0tz^>O 1 oco U-f 7* M^TIC, 1 o<7)* 

v + >y y v *JB<7>*^-*£iift <&th*fz 

U 3ooTMR-^* , J-fe^ttl0aT*ISi:, JtKW 

[0 0 2 7] ^Oio^SoOTMR-^^'J-tr^^ 
1 o<d;W ? V ? > V * 9 \Z—ffi\Z&$$LZtiZ>Wi 

-&t::(i. **u;:J:oTf#<bi'L*: 3oco>^ey -fc;v^<bft 
«x.tf "15... 1 6 F2 " <DWm*££>^ Z 
y^^'J^HD/:^^... 5. 3 F2 " (Dffi^ 
ia*:ftSt*o ioffili. ^ti?fLiooTMR-f 

u*5v^r^suft* "7... 8 F2 - <Dm± *) i>mL< 

/h$<ft*o itz. Z<OX 7 ft 3o<DTMR-> *y-fe 
;v/B<0 1 o<o;W y*>7 b 7>^^« , fl«L/:U'f 
I'is^-Cli. #>^y -fe;WC l h 7 >v* * 
«A«L^fllft ktt^T 3«0 h ? > v* 

Wt^TMR-t^SS^I 

[0 0 2 8] 



6 

[^Ollfi^§8] J^T, *^5:0®«:fiJffl LT J: 
[0 0 2 9] m Hi, #jgWK±&MRAMEM»i6*: 
[0 0 3 0] 112 (a) -2 ( d ) \i, 3o<0^^y-t 

fz im<Dtz*b<n\"<T*? Y^TT.-tmmmx'^ho 
[0031] S3 (a) -3 ( c ) t*. *§kW\Z±Z>M 

[0 0 3 2] fcjs. + , l>*U*t&1-***UI±, * 

[0 0 3 3] HI «i> 1 oOb'-y h*&B L k> fcf y hj» 

KiftWL l^ilKWL 2 k*filx/:MRAMEyy«jS«: 
^■To tT^ h*J|BLk7- KUWL 1 fcOUBK. TM R 
->*y-fc;H, 2, 3i5J:O f 4 7!) ? *^> bf y 
BL<h7 - K»WL 2 kOHKTMR-^y-teA'5, 
6, 7i3J:t>*8***^o iixfeO^^y -fe/uii, -f-fL-F 

[0 0 3 4] lf7 HBBLWttLfcTMR-^^eV-t 

5-80«g)Sii> X>f7fv^h7>y^nr20K 

^Vy^Hr 1 or- H±, 7- KIWL 1 
^ftTi5*9. ^/f7f>/f7>y^nr2W 
30 - 7- K«aWL 2 tC^M^fLTv^o X>f7f> 

^F7>yXHr liJi^Tr 260V-X^L<(±K 

&o H10SIMffii:^^-c> -5-fL-?tt 4 oOTMR- 
>- : e , ;-fc;n~4, 5-8t4^ ^tti^ti l oo*>f 7f 

>^F7>y^nrl, T r 2 K« 1} *S"Cfc*LTV* 
^> 0 :040(OTMR-> t'J -fe^Oftfc 1 ) 2oX 

U 1 oc07.-f 7f>^h7 > *rEJRS-er& - 

40 [0 0 3 5] ZfliZX fliftWTMR-^t'J-b^: 

T> h ^ > ^ UiKHftSfH*'*-* $rWU«-C § ^> ^ 
^*y ^;u|iitr^^H6^ft/N'7^- vv^jgo 

1- M R A ME?U«it * ttft-e & h o 
[0 0 3 6] atBLMUfivi-Cli, lf7h»BLi:- 
1 - 2 VcomJE^SD^tt^o -e<0*§£\ Sr^7 



(5) 
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[0037] -eci-c, TMR-^^n;V2^ 
t±, tt<0TMR-> : e , J-t;n-4^'f>t-^> 

[0 0 3 8 ] TMR-^^'J-b;H-4^fM*|g: 
4 >tf-y:/*ttjKU*&£fc*fcaa (tfcfcr*&) 
tf>H, DR AM^S'&fcHfilK* -ftlf^TMR-^ 

JtlZ**ffto<t^o TMR->^'J-t^2* ? 
fi-f >bT-^>^tt®tC*0. flfe*. TMR-^^e'J-fe 

i-fttf. M l" "1" ) i«TMR-« 

-t;H, 3£<£!/4riMiffg "0" 4:ttLTv^it«: 

[0 0 3 9] 1212 (a) -2 (d) li. 11 <7)MRAM 

[0 0 4 0] M2 (a) K^l" «fc ^ yUn^igft: 

F7>y7Hr 1 & J: ZfT r 2 KKlt 

Kl^L<liK2i:SfigfiTv^ 0 h7>v**Tr 
1 (i, lo^y-HfGlt*U *oh7Vv^^ 
T r 2lilooy- MSG 2 **-j-* 0 Y- MSG 
lti, -7- KiSWL 1 H«MSixTj3 0> **lfcJ*U 
MSG 2 Ii7 - KOTL 2 t:gt^titv^ 0 £ 
<bH. EI 2 (a) Kli. m~fi<r> F7>y^Hr 1 j3 i 
tfTr 20^7> MSG r^Sittv^o 
[0 0 4 1] B2 ( b ) \U * tmz-z/s 

> 9 (tt jfiCK 1 fl!) , 10 (h7>y^^TrlOKU 
^>Dffl), 11 (M*OF9>yx^Tr lfiiCTT 
r 2 0/7> KGrffl) , 12 (hv>vX*T r 2 O 
KU-f VJH) isi: VI 3 (F7>yX^Tr2^,SK 
2M) U«LtH2 (a) OE^iJfflcO^ 1 <0> * 7 -f 
Xffi {*9)Vk) *^i" 0 ^7^-yaVl 4*5 J: 

[0 0 4 2] B2 (c) tz^-ti^tz. 02 (b) <Ofg 
lO^^HXI ( H ^;i/A" ) K-tft-FfiTMR- 
^tU-bJH; 2^3J:a f 3£L<^*l , . 2* i3£tf 

3 f hv^yg£?ij ( h77r ) i 

6, 1 7j**£>*o iiUbOTMR-^^'J-feJH 
L<lil' -3' (±. M2 (d) C^tJ:^:, 1 oco 
!T*S20>^7>f7'I ( ">*JVB" ) o±.*tiJift 
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t-6^7 MB LUftH)^T<bfLTV^ 0 d*Ui. @2 
(d) |2 0^^7-fXl0MS0Xh7^^?? 

[0043] 112 (a) -H2 (d) <D%mm^&^ 
TJi, -etL^tiOh^>v^^T rlgL<liTr2i: 
fcfc'3 oOTMR-> ^'J^r^^fiJ^ MXbtiX^2> 0 
ZtuztfL, BllOjtlfc*iRU*^-c«i. 
7>y^nr 1XI±T r 2 a***i-e**L4 o<7)TMR- 
^^ i ;-t;H-4^L<(i5-8 ^^"r^>- fc £y±l£L 

[0 0 4 4] 03 (a) -03 (c) l±. TMR-^. 

[0 0 4 5] X'f y*>? h 7 y V*9 t LTCOCMO 
S h y > 9 tm 1 9 v 4 X® ( *■> *;ua" ; 

0 2 (b) #SB) i:S:*«Lfc**# (H^T) 
Httft*-f *H 1 8, 1 9***19. -ttLt> O * u»#a 
»L1, L 2*5iO f L 3^IS*t^tLTV^ 0 «#a«SL 

1 JsJtfL 2 l±. 2o^)TMR-^niK WitfT 
20 MR->*'J"fe^l i5J:tf 2<P«i&ffltf>«i: LTfOfflS 

ft£o *#aS§L3(i, ttfclTZj* 9 v a >i 

MrtoLtz3>9 9 h*-;HCLO*T% flitf, *-<7)T 

[0 0 4 6] ZblZ. mtem&L 3 li. 113 (b) IZtf 
L/:J:^:> ^7'f-fe'->'3>2 0HLTTMR- 
JR^l Xf2 U**Six&o ^ ^7>f^-y3 >2 0 

o f 2J±, Sflto^gre? *■ h u 7/77^-^^x7 
30 ^>^*u J: orsit^tL^> 0 

[0 0 4 7] glj(0- ggfb^ >fll2U^7^-y 
a>2 2HJ:&Sfl2<7)^ ^7>fXIt<^)itt;j:ot, 
*»69i:H3 (c) Jc^L/j:E?0* t f»c,*t&o 

[0 0 4 8] TMR-^^'J-bJH ^^^2 tCi±. >^ 
v <1 4f- v a > L 1 ^ L < it L 2 *3 J: V> ^ 7 >f «tf- v 
3>2 2tZ> TMR-^^'J-fc^l i3J:U f 20W«lt» 

[0 0 4 9] i/c, tt»OTMR->*U-fc 
40 (l-4Xli5-8) \Z^fl^fftl *D<T>7s4 v *>9' 
Y?>¥*9 (T r 1 ; T r 2) *) *l£T G>#l-Cv** 
MR AMEMfllit^H-*** LtUv^o 

[0 0 5 0] ^^B^ji, ioflM-*U-fe;i/fg«tf> 

+ -C-€-0— JB4«kfy h« (BL) »:««Sft-Cv^ii: 
<>tz. -e-Oft&iSB**?- K« (WL1, WL2) 
iiTV^^^^TMR-^^ 1 ;^^ (1-8) *:*«L 
/:MRAME9!l»a-C*oT, ttit'tim £ tf v h fll 

(BL) UftaSitfeTMR-^y-fe^ (1-8) O 
ffi»«±. TMR-^^n^ (l-4Xii5-8) 
so tfaFtri5V^T 1 ocox-f y + y? Y *y > ^ (T r 1 



(6) 
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X«±T r 2) tI«tt**LT*5lK i^'f *^>^h7> 
yX^y-h (Gl, G2) ^ »l&-r47- K* 

(WL l£L<l*WL 2) i-»as*L"C^&Cfc*4*SS 
t-t^MRAMEyfltSitt Ltt «t^o 

[0 0 5 1] lo^^'J-fe^WO 

+-e*^-*A*br^ m (bl) u«a*n-cv^tk 

-e^ffia^7-KI» (WLl, WL2) usmss 
tLtv^^OTMR-^-t^-t:^ (1-8) £^fiiL 
tMRAMEJIMt*ot, -e-fi-TftWIClf y m 

(BL) KfcaSfLfcTMR-^y-fe* (1-8) O w 
ftfe^7& ? > aftWTMR->*n^ (1-4X115- 
8) t*tf»^4fcftfe*L, fOBSCl^'f^ 
>jTY?yVX9 (Tr lZliTr2) K*fcS*LTV* 
&C<h £«F«f:i-&MR AME?iJ«iti: LtUv^o 

[0 0 5 2] ^fS^t*. 3o(7)TMR-«H 

( 1 - 3 ; 5 - 8) \Z 1 oOX-f >^h7 WTs 
9 (T r 1XI1T r 2) i^Dittii-Cv^iktft 

[0 0 5 3] ifc* *%^OMR AME?*]fit£l±, 

[0 0 5 4] 

**iWHi:^7HI (BL) K«fcS*LfcTM 
R-^^e>>-fe;i/ (1-8) officii. ^<H2o^) 
TMR-^^H^ (1-4X125-8) Sr^-tfS^O* 
T'loco^^ h7>v** (TrIZIiTr 

2) £*«&ii-Ci5!K 1^^7f>^F7>yX^ 

r- h (gi, g 2) i)K Wtoi-tv- k& (WL IX 

[0 0 5 5] $*^OMR AME^JflliSJi* hv>v* 30 
* - > * y -t;v£ AGS Lfcf6*0*a*»feftft^JiR L 
T;fc»K TMR-*^l«i:»Lt, lowfyf> 

is 19 . :^SFi:io(0X>f7f >^h7>y^^i ? El 

iUSfitiMR AME*J«it*«tt^§*fcv>?«i* 

[0 0 5 6] ttz. TMR-^^U-tiK^ffitnUi* * ^ 
7 > ^ K 7 > * is J: tfH *) M X h titzffi&Slfr h 

[0 0 5 7] F7>y^^Afl/:MRAM-^'J 

fig o * § ^wi^ffst ^ $ n-c 
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*)±£ < L&tffUf 4<bi^o #§£^OMR AMESES 
i§-Cli, TMR-^ j e , J-t^^SfiLi:±fEco^»Stfc^ 

[0 0 5 8] tfc, 3oOTMR-^V-t^Cloo 
* >f •> f- > ^ h v > * ri ? ffl 0 MX h flX^h ^ t 

[0 0 5 9 ] -eft^x.. So^TMR-^^'J-fciW: 1 
o<7)X^ 7f >/F7>y^^^E?Jt^C^:J: Ox 
TMR-^^'J-t^I^i: l1i^> h 7 > v** SrUlt*: 
t&'&fc.fct^T, h9>i?A9Z&nz>tzitoK<&m%*'< 
<8U«-C§&o *«SOMRAME 
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